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(54) Monitoring laser material processing 

(57) A method and apparatus for obtaining an indication of the quality of a laser material processing operation wherein at 
least two of the parameters comprising melt pool temperature, vapour intensity and plasma intensity are monitored 
separately but simultaneously. Sensors 10, 12 responsive to different parts of the electromagnetic spectrum associated 
with different ones of said parameters are arranged so as to receive radiated light from the vapour and plasma plume 
region 16. 
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DESCRIPTION 



APPARATUS AND METHOD FOR MONITORING 



LASER MATERIAL PROCESSING 



The present invention relates to an apparatus and 



The advantages of laser welding over the 
conventional welding processes in terms of 
flexibility, speed and weld quality are now well 
recognised. Indeed many applications of lasers to 
welding in industry have already been accepted. As 
more welding systems are being installed by industry , 
the demand increases for the development of in-process 
techniques to monitor and control the process quality. 
This is necessary since weld quality is often affected 
by the instability of plasma formation during laser 
welding and instabilities of laser power density. 

During laser materials processing, such as laser 
welding, the workpiece surface is heated by the laser 
radiation to above its melting point, with some of the 
material being vapourised. Upon further radiation by 
the laser beam, the material vapour, together with the 
surrounding gases, are ionized by the intensive 
heating from the laser beam, thereby forming a plasma 
plume in and above the melt pool. Enhanced beam 
absorption can be achieved through interaction of the 
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plasma with the laser beam and energy transfer from 
the plasma workpiece. However , if the plasma density 
is too high, the beam absorption will be reduced. 
Since the plasma is expanding rapidly, the beam 
absorption is not a constant. This causes variation 
in weld quality during processing. Also, when the 
operating parameters of the process are not kept 
stable or there is a fault on the workpiece, the weld 
quality can also be affected. 

It has been found by the present inventors that 
melt pool temperature, vapour radiation intensity and 
plasma radiation intensity are three principal factors 
which reflect the process quality. However, 
monitoring only one of the latter parameters or the 
continued effect of any two of them is found to be 
insufficient for reliable process quality diagnosis. 

In accordance with a first aspect of the present 
invention, there is provided a method of obtaining an 
indication of the quality of a laser material 
processing operation, wherein at least two of the 
parameters comprising melt pool temperature, vapour 
radiation intensity and plasma radiation intensity, 
are monitored separately but simultaneously. 

In accordance with a second aspect of the present 
invention, there is provided an apparatus for 
providing an indication of the quality of a laser 
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material processing operation, comprising means for 
separately but simultaneously monitoring at least two 
of the parameters comprising melt pool temperature , 
vapour radiation intensity and plasma radiation 
intensity. 

In one embodiment , since the molten material f 
vapour and plasma radiate light or electromagnetic 
waves at different wavelengths , the aforementioned 
three parameters can be monitored by the detection 
simultaneously of the light radiation emitted by them 
separately so that the state of melt pool and key-hole 
can be monitored , which are directly related to the 
welding quality. 

In other embodiments , the above-identified light 
radiations can be detected using photo-electric 
sensors with different response spectra corresponding 
to the principal radiation spectrum of two or three of 
the above parameters separately , or optical sensors 
which can identify the different light radiations. 
Still further embodiments can use broad band 
optical sensors with optical filters at different 
spectra corresponding to the relative light spectrum. 
An optical shield can be used to reduce the effect of 
other light sources, 

A further embodiment of the sensor arrangement 
can utilize optical beam splitters which can separate 
different optical radiation sources. The beam 
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splitters can be placed between the laser generator 
and the workpiece and the light which has been split 
can be forwarded to the optical sensors. 

A further embodiment of the sensor arrangement 
can utilize a lens or mirror reflector placed between 
the laser generator and the workpiece to direct the 
radiated light waves to the sensor* 

In a further embodiment of the sensor 
arrangement , optical fibres with a cut off spectrum 
for the laser beam wavelength can be used, either as a 
bundle or bifurcated or tri-furcated form, placed in 
the space between the laser generator and the 
workpiece for the collection of optical signals. The 
other ends of the optical fibre are connected to the 
photo-electric sensors so that the temperature of the 
sensor cannot be affected by the heat radiation from 
the melt pool or scattered laser beam. An optical 
shield can be used to protect the fibres and prevent 
the influence of unwanted light sources. 

Some of the above mentioned apparatuses can be 
made in the form of a cylindrical optical probe with 
protective covers and windows. 

The invention is described further hereinafter, 
by way of example only, with reference to the 
accompanying drawings, in which 

Figs. la to le illustrate several ways of 
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detecting different optical radiation sources from or 
near the laser generated melt pool. 

Fig. la illustrates a basic form of the device 
where two optical sensors 10 f 12 with different 
response spectra , say UV and IR, are placed in a metal 
shield tube 14 with or without a front window. The 
sensors 10,12 look directly at the vapour and plasma 
plume 16 at a distance from them. The distance can be 
as far as two feet depending on the sensitivity of the 
sensors 10,12. 

Fig. lb illustrates the use of a bifurcated 
optical fibre 18 with one input and two outputs for 
the sensory unit. The input end of the optical fibre 
is facing the melt pool at a distance from it and the 
other two connected to the optical sensors 10,12. 
Again an optical shield 14 can be used to prevent the 
influences of the unwanted light. 

Fig.lc shows the uses of a flat lens 20 which can 
transmit the laser beam but reflect the visible light. 
The light radiation from the vapour, plasma and melt 
pool can therefore be focused and collected using 
either the optical fibre system of Fig. 1(b) or the 
basic form of Fig. 1(a). 

Fig. Id uses a reflective mirror 22 with a hole 24 
in the middle to let the laser beam pass. The mirror 
22 is about 45° or other angle to the laser beam axis 
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and will then reflect some of the light from the 
vapour and plasma plume to the fibre optic sensory 
unit of Fig, 1(b) or the basic sensory unit of Fig, 1(a) 
through a lens collector 24. If the mirror is curved 
to focus the collected light , the additional lens 24 
is not necessary. 

Fig.le illustrates the collection of light 
radiation by the vapour and plasma plume or melt pool 
temperature radiation through an angled surface 26 in 
the nozzle. The optical fibre system is then 
connected to the nozzle through a coupling. 

Fig. 2 illustrates the combination of the present 
invention with a known "see-through mirror 28 , having 
a hole 30 in the middle of the mirror" for the 
monitoring of laser processing quality coaxial to the 
laser beam. 

Fig. 3 illustrates a sensing arrangement for a 
welding monitoring experiment with two different 
sensors 32,34 (near IR and UV light sensors) looking 
down to the melt pool region during laser welding 
since, during laser welding of steel plates with an 
inert gas such Ar as the shroud gas, the plasma light 
is usually in the blue spectrum and the radiation of 
the vapour of melt pool is in the red spectrum. In 
these experiments a signal smoothing circuit was used 
to reduce the fluctuating level of the signal. 



-7- 

Fig. 4 shows the differences between the smoothed 
and the un-smoothed signals. 

Fig. 5a shows the sensor responses to a weld where 
there is lack of penetration (A:UV, B:IR); 

Fig. 5b shows the sensor responses to a weld which 
has irregular hole cutting (A:UV, B:IR); 

Fig. 5c shows the sensor responses to a weld which 
is over powered with craters on the surface (A:UV, 
B:IR) ; 

Fig.Sd shows the sensor response to a weld which 
generates a glare type plasma where most of the energy 
was carried away (A:UV, B:IR). 

The following rules have been established: 

a) When IR sensor response is smooth and low and 
UV sensor response is smooth and high, the laser weld 
is good (Fig. 5b) ; 

b) When both IR and UV sensor responses are 
low, the laser weld has a lack of penetration or loss 
of key hole (special case of poor penetration because 
the laser beam is reflected too much) (Fig. 5a); 

c) When IR sensor response is high and UV sensor 
response is low there is either a cut or the laser 
beam is slightly out of focus (little plasma is 
generated ) ( Fig . 5b ) ; 

d) When both IR and UV sensor responses are high 
and oscillating the weld is over-powered f generating 
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vapour craters on the weld surface (Fig. 5c); 

e) When both sensor responses are high and not 
oscillating , there will be a glare type of plasma 
radiation. No weld is generated (Fig.Sd) ; 

f ) For thinner plate welding the levels of 
signal responses are lower than those of thicker 
plates. However , the general diagnostic rules listed 
above still hold. 

g) Other types of weld faults (Figs. 6a to 6d) 
can also be identified by the sensor arrangement. 

It can be seen from the above examples that 
monitoring only one type of light radiation (either IR 
or UV or a mixture) can not give a definite conclusion 
for weld diagnosis. For example f when the plasma 
light sensor is low it can be for one of two 
possibilities; low penetration (or loss of key hole) 
or a cut. However, if at the same time the vapour- 
molten material radiation sensor is low, then it is 
definitely as a result of a low penetration (or loss 
of key hole if plasma sensor response is zero) . 
Otherwise it will be a cut. Therefore the logical 
combination of the two types of light radiation 
monitoring separately at the same time can give a 
reliable diagnosis. 
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CLAIMS 



1 . A method of obtaining an indication of the 
quality of a laser material processing operation , 
wherein at least two of the parameters comprising melt 
pool temperature f vapour radiation intensity and 
plasma radiation intensity , are monitored separately 
but simultaneously* 

2. A method as claimed in claim 1, wherein said 
parameters are monitored by separately and 
simultaneously detecting the light radiation at 
wavelengths associated with those parameters. 

3 • An apparatus for providing an indication of 
the quality of a laser material processing operation, 
comprising means for separately but simultaneously 
monitoring at least two of the parameters comprising 
melt pool temperature, vapour radiation intensity and 
plasma radiation intensity. 

4. Apparatus as claimed in claim 3, comprising 
sensor means responsive to different parts of the 
electromagnetic spectrum associated with different 
ones of said parameters and arranged to be placed so 
as to receive radiation from the laser processing 
region* 

5. Apparatus as claimed in claim 4, wherein one 
said sensor means is responsive to UV and another is 
responsive to IR. 
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6. Apparatus as claimed in claim 4, comprising 
photo-electric sensors having different response 
spectra corresponding respectively to the principal 
radiation spectra of said parameters. 

7. Apparatus as claimed in claim 4, comprising 
broad band optical sensors having optical filters with 
different transmission or reflection spectra 
corresponding to spectrum bands associated with the 
parameters to be monitored. 

8. Apparatus as claimed in claim 4, comprising 
an optical beam splitter adapted to separate optical 
radiation sources of different spectral signature and 
positioned between the laser source and a workpiece, 
the light components separated by said beam splitter 
being passed to respective optical sensors. 

9. Apparatus as claimed in claim 4 or 5, 
comprising a lens or mirror reflector positioned 
between the laser source and the workpiece for 
directing the radiated light to said sensor means. 

10. Apparatus as claimed in claim 4, comprising 
one or more optical fibres whose one end or ends are 
positioned in the space between the laser source and 
the workpiece for the collection of said radiation and 
leading same to said sensor means. 

11. Apparatus as claimed in claim 4 or 10, 
including a radiation shield for protecting the 
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radiation sensors and/or optical fibre or fibres. 

12 . A method of obtaining an indication of the 
quality of a laser material processing operation , 
substantially as hereinbefore described, with 
reference to the accompanying drawings. 

13. An apparatus for providing an indication of 
the quality of a laser material processing operation , 
substantially as hereinbefore described with reference 
to and as illustrated in the accompanying drawings. 
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